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Abstract: The green noise of a Nd:GdVO4 laser intracavity-doubled by type-I crystal BIBO was
demonstrated. The noise reduction by enforcing a single-mode operation by Volumetric Bragg
Grating in a V-shaped cavity is first time reported.
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Instabilities and chaos.
1. Introduction
The chaotic power fluctuation of intracavity doubled diode pumped solid state (DPSS) lasers has been studied [1].
Baer et al. concluded that sum frequency generation (SFG) of competing longitudinal modes is responsible for the
intracavity noise (green noise) [1]. Because of the commonly used KTP doubling crystal, experimental results were
mostly limited for type-II phase matching situation. Recently, a type-I phase matching crystal BiB3O6 (BIBO) [2],
with high deff value and high damage threshold, shows potential to replace KTP as the doubling crystal in the visible
region. We here present our results regarding the noise behavior of an intracavity doubled DPSS laser with a gain
crystal Nd:GdVO4 and a doubling crystal BIBO under type-I phase matching condition.
To eliminate the green noise, birefringence manipulation has been suggested if the number of longitudinal
modes is limited [3]. However for the type-I phase matching case, birefringence adjustment becomes less attractive.
The doubling process in type-I phase matching condition only involves the projected electric field along the
determined optical axis of the doubling crystal. To maximize output intensity, aligning the polarization of the
fundamental longitudinal modes to that specific axis is preferred. Green noise caused by SFG cannot be controlled
with multiple longitudinal modes polarized along the same direction. Therefore, to eliminate noise we introduce
Volumetric Bragg Grating (VBG) as a narrow band reflective filter to reduce the emitting laser linewidth [4].
2. Experimental setup and results
A linear cavity and a V-shaped cavity with VBG inserted as the folding mirror were arranged to demonstrate the
noise behavior and the noise elimination result of intracavity doubled DPSS lasers, respectively.
The linear cavity was consisted of a gain crystal, 1% doped Nd:GdVO4, with one side high reflection (HR)
coated and the other antireflection coated both at 1063 nm, a doubling crystal BIBO and an output coupler (HR)
with radius curvature of 20 cm. The pumping source was a 30 W 808 nm diode. To reduce the number of modes and
increase the output power, we shortened the cavity length to be 5 cm. A dichroic mirror separated the doubled 531.5
nm output from the 1063 nm fundamental beam. The longitudinal modes of 1063 nm beam were measured through a
scanning Fabry-Perot interferometer. The 531.5 nm fluctuated output was detected by a fast photodiode. Both results
were simultaneously acquired and displayed by an oscilloscope. The driving voltage of the scanning Fabry-Perot
interferometer was adjusted such that the up ramp portion of the triangle waveform corresponded to one free
spectrum range (FSR) of 1.5 GHz. At pump power of 1 W, 7.5 mW of green output was obtained. The oscilloscope
traces were shown in Fig. 1. Two modes (the spikes under the up ramp portion of the triangle waveform) were
observed as indicated in trace 4. The polarization of both longitudinal modes were examined to be along the c axis
of the Nd:GdVO4 crystal. Influenced by SFG of those two competing modes, the green output (trace 2) showed
significant fluctuation. The temporal feature of the noise was around 2 Ps. The output power vs. the pump power
was shown in Fig. 2. At 1.4 W pump power, maximum green output power was measured to be 15 mW.
The V-shaped cavity was constructed using VBG as a folding mirror. Fabricated by photo-thermal refractive
(PTR) process, VBG used was a narrow band reflector with its FWHM about 0.15 nm and peak reflectivity about
99.8% at wavelength of 1063.8 nm. The lasing line of Nd:GdVO4 was slightly deviated from the pre-designed retro
reflecting wavelength of the VBG; therefore, VBG had to be tilted to achieve Bragg condition. The crystals, BIBO
and Nd:GdVO4, remained as in the linear setup. The cavity length was extended to accommodate the additional arm.
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Fig. 1. 531.5 nm output and 1063 nm Scanning Fabry Perot result
at 1-W pump power obtaining power 7.5 mW
Fig. 2. 531.5 nm output power vs. 808 nm pump power
The output coupler was a flat mirror since the radius of curvature of the output coupler in the linear cavity setup was
too short to form a stable cavity. The V cavity was stabilized by the thermal lensing effect of the laser crystal. Fig. 3,
showing the oscilloscope traces, was obtained at 4.2 W 808 nm pump power with total green output of 9.2 mW.
Trace 2 and trace 4 represent the 531.5 nm output detected by a fast photodiode and the result of the scanning Fabry-
Perot interferometer, respectively. Single mode operation of fundamental wavelength was achieved and the green
noise was eliminated as expected. It should be noted that the V-shaped cavity laser, with longer cavity length and
higher output power, should be more difficult to lase with single longitudinal mode. It was clear that VBG played a
significant role in mode filtering and hence eliminated the green noise. The output power vs. the pump power was
shown in Fig. 4. At 5.2 W pump power, maximum 531.5 nm output power was measured to be 18.5 mW.
Fig. 3. 531.5 nm output and 1063 nm Scanning Fabry Perot result at
4.2-W pump power obtaining power of 9.2 mW
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Fig. 4. 531.5 nm output power vs. 808 nm pump power
3. Conclusion
The noise behavior and longitudinal mode trace of a linear cavity consisted of Nd:GdVO4 and BIBO are presented.
SHG of two parallel-polarized longitudinal modes caused the fluctuation in the 531.5 nm output. To enforce a
single-mode operation, a V-shaped laser cavity with VBG as the mode filter is first time reported. We successfully
eliminate the green noise. The 531.5 nm output powers vs. 808 nm pump power for both cavities are also measured.
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